identified. Most of them were common in all six lakes, so functional properties clearly recur among different phytoplankton species.
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I N T R O D U C T I O N
Artificial lakes and reservoirs are man-made ecosystems subject to physical management regimes, such as drawdown for water supply purposes, hydropower generation, fish farming, flood protection and recreational uses. In the Mediterranean Ecoregion, an area characterized by scarce water resources, in addition to water management, artificial lakes are also affected by extreme changes in water level caused by the strong seasonal variations typical of the Mediterranean climate (Naselli-Flores and Barone, 2005) . Even in the deepest reservoirs, the extreme water level fluctuations caused by both high evaporation and limited water supply (typically in summer) may cause the breakdown of thermal stratification. There have, therefore, been frequent regime shifts from stratified and stable ecosystems toward vertically mixed and disturbed ones (Naselli-Flores, 2003) . Therefore, the cumulative effects of the artificial origin, human management and climatic distinctiveness of the Mediterranean region could, a priori, prevent a reservoir from reaching a natural condition resembling a pristine state. Hence, the 2000/60/EC Water Framework Directive (2000/60/EChereafter WFD) intends to enable achievement for reservoirs of good ecological potential, a target with a difficult definition (Moss, 2008) . However, it could imply a goal more appropriate than would good ecological status.
Both ecological status and ecological potential are measured using an Ecological Quality Ratio (EQR), which is the ratio of the observed assessment value to the value expected under reference conditions (Poikane et al., 2015) . Since the dominant pressure in freshwater reservoirs is input of nutrients, the WFD requires that phytoplankton are the Biological Quality Element (BQE) used to assess the quality status of these ecosystems.
Phytoplankton respond directly to changes in nutrient levels through fluctuations in their biomass and community structure (Watson et al., 1997; Reynolds, 2006) ; moreover, their growing cycles are shorter than those of other BQEs, implying fast and straightforward responses to environmental pressures.
Phytoplankton has traditionally been one of the biological communities on which studies of freshwater quality have focused and, consequently, their community composition has been fundamental in the development of WFD assessment tools. All such tools follow a multi-parametric approach, including metrics related to phytoplankton abundance and metrics based on the sensitivity and/or tolerance of species or algal groups to nutrient concentration gradients, such as Phytoplankton Trophic Indices (Brettum and Andersen, 2004; Dokulil et al., 2005; Willeïn, 2007; Carvalho et al., 2013; Poikane et al., 2015) . Most phytoplankton indices are based on the consideration that, along a gradient of nutrient concentration, different algal species compositions characterize habitat status from oligotrophic to hypertrophic (Reynolds, 2006) . Moreover, these indices vary with the biogeographic, hydro-morphological and climatic factors that influence phytoplankton development in water bodies (Poikane et al., 2015) .
All European Union Member States have developed water quality assessment methods based on phytoplankton as BQE. All of those methods are comparable in term of the metrics incorporated (Poikane et al., 2015) . According to the requirements of WFD implementation, six countries in the Mediterranean Ecoregion have developed phytoplankton assessment methods for reservoirs (de Hoyos et al., 2014) : Cyprus (NMASRP-New Mediterranean Assessment System for Reservoirs Phytoplankton), France (IPLAC-Lake Phytoplankton Index), Portugal (Reservoirs Biological Quality Assessment Method-Phytoplankton), Romania (Romanian Assessment System for ReservoirsPhytoplankton) and Spain (MASRP-Mediterranean Assessment System for Reservoirs Phytoplankton). Similar approaches have been applied outside Europe; water quality assessment methods based on phytoplankton have been developed for freshwater reservoirs in temperate areas of North America and applied systematically as tools to evaluate change in phytoplankton community structure using long time-series (Kane et al., 2009) .
In Italy, the water quality assessment of artificial lakes is based on application of two methods, namely IPAM (Italian Phytoplankton Assessment Method) for water bodies shallower than 15 m and polymictic artificial lakes and NITMET (New Italian Method) for water bodies deeper than 15 m European Commission (2013) ; DM 260/2010).
Both Italian methods include two components: one based on phytoplankton biomass (Phytoplankton Biomass Index, PBI) and one using taxonomic composition (Taxonomic Composition Index, TCI) ( Table I ). The NITMET applies the MedPTI taxonomic index and the percentage of cyanobacteria. The IPAM applies the PTIot taxonomic index .
However, from the first application of the assessment methods in Italy, some critical problems have emerged for both the taxonomic composition and the biomass indices. In respect to the taxonomic component, the main problem has been the validity of the trophic weight (TW) associated with the various species for the calculation of MedPTI and PTIot. For Mediterranean Ecoregion reservoirs, both the development and the intercalibration phases were biased by the number (few cases) and the high variability of water bodies included in the pilot studies.
Therefore, when assessing quality status of reservoirs with ordinary monitoring data, the TWs of the species and/or the position of a species along the trophic gradient were often not estimated or did not correspond to the real trophic status. Consequently, recent studies have revised the taxonomic lists available for the calculation of the indices.
Moreover, the index formulations were based only on the taxonomic composition of phytoplankton assemblages. It is known that the taxonomic structure is not always the best tool to generate understanding of ecosystem function (Edwards et al., 2013) . Phytoplankton display a wide morphological and functional variability because of adaptations to the spatial and temporal variability of different aquatic environments (Predojević et al., 2015) . Relevant morpho-functional traits in phytoplankton include size, shape, ability to form colonies, the presence of flagella and ability to fix nitrogen (Naselli-Flores, 2013) . Different species with similar morpho-functional traits can have the same temporal appearance and distribution in phytoplankton assemblages. Different species with similar functional properties can also be observed at similar levels of nutrient concentration and under similar hydrological conditions (Salmaso et al., 2003; Predojević et al., 2015) . Although various studies report assessments of the ecological status of water bodies based on phytoplankton morpho-functional properties (Nõges et al., 2010; Naselli-Flores, 2013; Salmaso et al., 2014) , this traitbased approach is not applied by Member States for the implementation of WFD requirements.
The main aims of this study were (1) To compare the water quality status and phytoplankton community structure of artificial lakes in the Mediterranean Ecoregion. (2) To develop a more comprehensive picture of the dynamics of the major phytoplankton groups, and to obtain insight into their relationships to quality status in respect to both taxonomic and morpho-functional variability of lakes' phytoplankton assemblages. (3) To integrate previous and ongoing studies and to contribute to development of broad-scale means for monitoring changes in the water quality of artificial lakes.
With these aims, the results of monitoring activities carried out for the assessment of water quality status, according to Italian law (MATTM-DM 260/2010), in six artificial lakes in the Apulia Region of Southern Italy from September 2010 to December 2014, were analyzed and are discussed.
M E T H O D Study area
The study was carried out in six artificial lakes, in the Mediterranean Ecoregion localized in the Apulia Region of Southern Italy ( Fig. 1 
Identification of water body typologies and sampling
According to Italian law (Decreto Legislativo 3 Aprile. 2006 , n.152, 2006 , seven typologies of lakes, labeled with M and enumerated from 1 to 7, were identified in • PTIot the Mediterranean Ecoregion, including both natural and artificial water bodies. The six artificial lakes included three distinct typologies: calcareous lakes with depths <15 m (Serra del Corvo and Celone) labeled M2, a polymictic lake (Cillarese) labeled M1 and calcareous lakes with depths >15 m (Occhitto, Locone and Capacciotti) labeled M4. For water quality assessment purposes water body typologies are then gathered in two groups of Macrotypes: I and L, where I is for artificial lakes and L is for natural lakes. The lakes studied were all classified in the I category. The study sites were identified as I1, I3 and I4 Macrotypes and include M4, M2 and M1 water body typologies, respectively (Table II) . Because of small dimensions and homogeneity in hydrological and geomorphological features and anthropogenic pressures, each artificial lake was considered as a single water body. One sampling station was localized in each water body. Sampling was carried out every 2 months starting in September 2010. Water samples, for nutrient and total organic matter concentrations, phytoplankton taxonomic composition and biovolume analysis, were taken at three depths within the euphotic zone. For phytoplankton analysis, water samples, were fixed with Lugol's solution (15 mL/L). Conductivity, temperature, pH, dissolved oxygen concentration (DO) and chlorophyll a were measured directly in situ, using a multi-parametric probe (Ocean Seven 316 plus). The chlorophyll a values were integrated over the depth of the euphotic zone as a weighted average. Water transparency was measured by Secchi disk. The depth of the euphotic zone (Z EU ) was obtained by multiplying the Secchi depth by a factor of 2.5 (Vollenweider and Kerekes, 1982) .
Laboratory analysis
Total phosphorus (TP), total nitrogen (TN), dissolved inorganic nitrogen (DIN), as the sum of N-NO , and dissolved inorganic phosphorus (DIP) concentrations were analyzed following continuous flow analysis methods with a Quaatro SEAL autoanalyzer, Total organic carbon (TOC) was measured according to a method reported in APAT, 2003. The taxonomic classification and quantification of phytoplankton taxa were carried out according to the Utermöhl method (UNI-EN 15204, 2006) . The samples were analyzed using a Nikon Eclipse Ti microscope, supported by the NIS-Element Basic Research image analysis system. Biovolume determinations were carried out by associating the most similar geometric shape with each taxon (Hillebrand et al., 1999; Vadrucci et al., 2007) . A number of cells were measured for each taxon in relation to its contribution to total cell density. The biovolume of each taxon was calculated by multiplying the median cell biovolume by the estimated cell density. Total biovolume was obtained by summing the biovolumes of all the taxa. Each taxon was associated with a morpho-functional group (MFG) according to Salmaso and Padisak (2007) . The criteria adopted to discriminate the MFGs include  motility, the potential capacity to obtain carbon and nutrients by mixotrophy or autotrophy, specific nutrient requirements, cell size and shape, structure of colonies and the presence of gelatinous envelopes. These criteria, along with the separation of the cyanobacteria from the other algae allowed the differentiation of 31 MFGs.
Water quality assessment of artificial lakes
According to the WFD, artificial and heavily modified water bodies are classified into four ecological quality classes (bad, poor, moderate and good), instead of the five proposed for natural water bodies. For Mediterranean artificial lakes, the NITMET is specific for deep (>15 m) water bodies (Macrotype I1) whereas IPAM is applied for shallow and polymictic water bodies (I3 and I4 Macrotypes). For either method, the assessment of the ecological status is based on the calculation of the EQR (hereafter ICF-EQR), obtained from yearly average values of normalized EQR (nEQR) of component 1 (PBI) and of nEQR of component 2 (TCI) ( Table I) . The PBI was calculated by yearly average values of chlorophyll a and total biovolume.
The TCI was calculated as yearly average values of two indices applied to the specific assessment methods: PTIot in IPAM for Macrotypes I3 and I4 and MedPTI in NITMET for the I1 Macrotypes. These indices are calculated on the basis of TWs, (namely t and TI in MedPTI and PTIot, respectively), tolerance value (i) and indicator values (v) associated with each microalgal taxon, as reported in two lists of phytoplankton taxa specific for the two indices (Table III, Buzzi et al., 2013; Marchetto et al., 2013) . To apply either of the two indices, it is necessary that the sum of the relative contributions to biovolume of taxa included in the calculation be ≥70% of the total biovolume. In addition, the taxonomic component of the NITMET includes the percentage of cyanobacteria. PBI and TCI are expressed in terms of nEQRs in relation to the values set at the reference conditions. In the NITMET, the nEQR value of TCI is obtained by the average of nEQRs calculated for MedPTI and the contribution of cyanobacteria. The rationale for the application of two different indices, depending on the depths of the artificial water bodies, relates to the need to account in the assessment procedure for differences in inter-and intra-annual variability of the biological communities and water characteristics between deep and shallow reservoirs (Poikane et al., 2015) .
All the threshold limits of the ecological quality classes and the values of the reference conditions used for this study are established in Italian law (MATTM-DM 260/2010).
Statistical analysis
Data analyses were carried out using R, version 2.6.1 (http://www.r-project.org/, accessed 4 April 2013), with the statistical package Vegan (Oksanen et al., 2012) and PRIMER Statistical Software (Plymouth Marine Laboratory, Plymouth, UK).
For the Constrained Coordinate Analysis (CCA), in order to reduce the collinearity among the available environmental variables such as transparency, average temperature (T-av), conductivity, pH, DO, TOC, TN, TP, DIP, DIN, Z EU , a subset was selected. The selection was made through both Principal Component Analysis and evaluation of a matrix of Pearson correlation coefficients. After that evaluation of collinearity, the following variables were retained: T-av, pH, DO, TOC, TN, TP and Z EU . The differences among lakes of those parameters were tested using the Kruskal-Wallis analysis of variance by ranks. Constrained Coordinate Analysis (CCA) was used to test the effects of the selected environmental variables (a matrix) on the taxonomic and morpho-functional matrices for the phytoplankton. The analyses were carried out only on dominant taxa, that is, all taxa whose biovolumes contributed the most to 80% of the total for all species in any of the water bodies and during the entire study period. The significance of all terms together was assessed using permutation tests; when constrained inertia in permutations is nearly always lower than the observed constrained inertia, the constraints are considered significant (Oksanen et al., 2012) .
R E S U L T S Environmental variables
The chemical-physical and nutrient concentration data collected during the 2011-2014 monitoring program are reported as average values ± standard error (SE) in Table II . We did not include the first 3 months of the monitoring program because in the dataset of environmental variables measured some data were lacking. The Kruskal-Wallis test detected significant differences among sites for TN (K-W χ 2 = 17.98; P < 0.01), TP (K-W χ 2 = 11.38; P < 0.05), Z EU (K-W χ 2 = 11.99; P < 0.05), TOC (K-W χ 2 = 12.52; P < 0.05) and T-av (K-W χ 2 = 11.98; P < 0.05). Differences were not significant for pH, conductivity or DO. The TN and TP concentrations were generally high, allowing classification of all six lakes as mesotrophic/eutrophic. The highest values were observed in the polymictic Cillarese Lake and in the shallow lakes, Celone and Serra del Corvo. Water transparency, measured by Secchi disk, was very low, especially in the polymictic lake. Dissolved oxygen concentration was generally high in all water bodies, and no evident hypoxia was observed in the entire study period.
Phytoplankton Biomass Index
Phytoplankton biomass was expressed as average values of chlorophyll a concentration ( Fig. 2A) and total phytoplankton biovolume (Fig. 2B) . Chlorophyll a was generally low in all waters bodies. The average value in the study period was 2.68 ± 1.73 (SE) µg/L. Chlorophyll a concentration was generally higher in polymictic Cillarese Lake and the shallower lakes Serra del Corvo and Celone. Also, total phytoplankton biovolume was generally low in all water bodies. The average value was 1.52 ± 0.54 (SE) mm 3 /L. Higher values were found in Cillarese Lake and in Capacciotti Lake. The Kruskal-Wallis test detected significant differences among water bodies overall (K-W χ 2 = 16.43; P < 0.01) only for chlorophyll a concentration.
Annual average values of chlorophyll a and total phytoplankton biovolume were included in the calculation of PBI. For chlorophyll a, the estimated values were often near or below those set as the reference conditions, except for Cillarese Lake (Fig. 2A) . However, annual average phytoplankton biovolumes were higher than the reference condition, except for Locone Lake (Fig. 2B) .
Taxonomic Composition Index
The total number of taxa observed in each lake ranged from 84 to 180, but only a few species contributed to the phytoplankton taxonomic index values. Table III shows for the MedPTI and the PTIot the TWs (t and TI, respectively), the indicator values (i and v, respectively) and the occurrences in the six reservoirs of the indicator taxa. The number of indicator taxa that contributed to the calculation of the MedPTI values were 8 in Occhitto, 12 in Capacciotti and 2 in Locone. In I1 Macrotypes the most representative indicator taxon was Cyclotella spp. Other taxa were Chlorophyta belonging to the genera Closterium and Pediastrum. They were representative in Occhito and Capacciotti lakes, as were Ceratium hirundinella and Peridinium umbunatum among dinoflagellates. In Locone Lake, another indicator taxon was Cryptomonas erosa. In all of the I1 Macrotype lakes, the contribution of cyanobacteria was generally below 10%. The most representative taxa in those lakes were Planktothrix rubescens Macrotypes and specific reference values (black line) are also reported. CI, Cillarese Lake; CE, Celone Lake; SC, Serra del Corvo Lake; OC, Occhitto Lake; LO, Locone Lake; CA, Capacciotti Lake.
and Anabaena sp. in Occhito Lake and Aphamizomenon flos-aquae in Capacciotti Lake. Also for I3 and I4 Macrotypes, only a few indicator taxa affected the PTIot values; these were respectively: 11 taxa in Cillarese, 14 in Serra del Corvo and 5 in Celone. Cyclotella spp. and Plagioselmis nannoplanctica were indicator taxa in all water bodies. Among Bacillariophyceae, Aulacoseira granulata and Synedra acus were indicator taxa in Celone Lake, whereas Navicula spp. was an indicator in Cillarese Lake. Among Chlorophyta, Closterium aciculare was a dominant taxon in Celone Lake, Coelastrum microporum, Desmodesmus communis, Sphaerocystis sp. and Oocystis sp. were characteristic of Cillarese Lake, whereas eight taxa of Chlorophyta were significantly represented in Serra del Corvo Lake. Cyanobacteria were observed only in Cillarese Lake, where the indicator taxa were Microcystis aeruginosa, Snowella sp. and Aphanocapsa sp. Finally, in Celone and Serra del Corvo lakes, the most representative indicator taxon among dinoflagellates was C. hirundinella.
EQR_ICF assessment and ecological quality classes
The PBI classified all the lakes as having good ecological status (Table IV) . In I1-Macrotypes (NITMET) the nEQRs estimated by TCI were in agreement with results of the PBI for the entire period (Fig. 3) . Both had average values of 0.81. A small discrepancy was observed only in Occhito Lake during the last year of monitoring for MedPTI and for a contribution of cyanobacteria in the first year of monitoring.
In I3 and I4 Macrotypes (IPAM) the TCI classified the lakes in different quality categories (Fig. 3) , from moderate (0.80 for Serra del Corvo) to bad (0.59 for Cillarese) with an average value of 0.73, while the PBI classified all water bodies as good with an average value of 0.83 (Table IV) .
In all cases, the EQR_ICF, estimated average values of the nEQRs from the two indices, classified all water bodies as of good ecological status (Table IV) .
Phytoplankton taxonomic composition and MFGs
Despite their low biomass, the six artificial lakes were characterized by high species richness. More than 300 taxa were observed overall; most of them with contributions <1% to total phytoplankton biovolume. The number of dominant taxa (contributing at some time >80% to total phytoplankton biovolume) included on average across the sampling dates only 30% of the total number of taxa observed in all six lakes. Among dominant taxa only four were common in all water bodies: Cyclotella spp., Navicula spp., Oocystis sp. and Plagioselmis sp., supporting the hypothesis that phytoplankton community structure is characterized by highly site-specific components (all the other species). This hypothesis was confirmed by the CCA ordination of phytoplankton assemblages in the six artificial lakes and the significant environmental variables (χ 2 = 3.4; F = 1.6; P = 0.003), since a high intra-ecosystem similarity was observed in all of the lakes (Fig. 4A) . Based on the permutation test, the environmental variables in the whole CCA that proved significantly related to the taxonomic community are TN (P = 0.002), TP (P = 0.01), TOC (P = 0.02), T-av (P = 0.04) and Z EU (P = 0.01). This result highlights the role of trophic gradients in the organization of phytoplankton assemblages. The ratio between explained inertia and total inertia was the 50%. If we consider the species scores, small species (P. nannoplanctica, Crucigenia fenestrata), fast-growing species (Cyclotella spp.) and species typical of more eutrophic conditions (Coelastrum species) characterized the community of the polymictic lake (Cillarese, Macrotype I4, Fig. 4B ). The deeper lakes, including in the I1 Macrotypes, and Serra del Corvo, were characterized by a communities typical of more stable environments with high inter-annual similarity and the presence of both slow growing forms, such as large species of Chlorophyceae, filamentous cyanobacteria and dinoflagellates, and faster growing species. Finally, Celone Lake (I3-Macrotype, Fig. 4B ) showed a phytoplankton community characterized by stress-tolerant species with dominance of large Euglenophyceae and large colonial Bacillariophyceae. A list of dominant taxa with their relative contributions to total biovolume is shown in Supplementary data, Appendix SI.
Among MFGs, 21 of the 31 MFGs reported in Salmaso and Padisak, 2007 were observed in the six water bodies. Numbers of MFGs were positively related to the numbers of dominant taxa, as shown by linear regression (Fig. 5) . The slope of the regression (a = 0.22 No. MFGs/total taxa) indicates a major recurrence of taxa in relation to the MFGs. Comparing similarity among water bodies, taxonomic overlap (Bray-Curtis similarity = 21%) was lower than MFGs overlap (BrayCurtis similarity = 31%). The result of the CCA relating taxonomic diversity with the environmental variables is more significant (χ 2 = 3.4; F = 1.6; P = 0.003) than that relating MFGs diversity with those variables (χ 2 = 0.95; F = 2.1; P = 0.02) (Fig. 6A) . The only environmental variable found significantly (P = 0.003) related to the functional community is the TOC. Consequently, strong uniformity in morpho-functional traits was observed among the study sites and, thus, among Macrotypes (Fig. 6B) .
The most frequent MFGs were small centric Bacillariophyceae (7a-see Supplementary data, Appendix SI) observed in all water bodies, making relative contributions varying from 79% (Locone Lake) down to 6% (Capacciotti Lake) and small, potentially mixotrophic, flagellated cryptophytes (2d). Their contribution varied from 33% (Serra del Corvo Lake) down to 1% of the total biovolume of the MFGs observed. Larger species characterized the phytoplankton community in lakes Celone, Capacciotti and Occhitto. In particular, large mixotrophic flagellates (1a, 1b), planktonic Bacillariophyceae forming long filaments (6a) and filamentous cyanobacteria (5a) were observed in Celone Lake. In Capacciotti Lake, the most abundant taxa were large Conjugatophyceae belonging to group 8a. In Occhitto Lake, large-size MFGs included Conjugatophyceae (8a), large, potentially mixotrophic flagellates (1b) and large cyanobacteria belonging to Oscillatoriales (5a) and Nostocales (5e). Small-size MFGs characterized the phytoplankton communities in Serra del Corvo, Locone and Cillarese lakes (5d, 7a, 2d, 2a, 9b and 11a). The relative contributions of the MFGs observed in the six reservoirs are reported in Supplementary data, Appendix SI.
D I S C U S S I O N Environmental variables and water quality status
The nitrogen and phosphorus concentrations observed during the study period and in each water body were typical Fig. 4 . Output of the CCA analysis on yearly average biovolume of the dominant taxa related to taxonomic composition. Labels for sample score: A see Fig. 2 , B lakes are labeled according to their Macrotypes, the numbers are the year of sampling. The environmental variables fitted were selected from a larger set by statistical analysis (see text). Labels of environmental vectors are as in Table II . Fig. 6 . Output of the CCA analysis on yearly average biovolumes of the MFGs associated with dominant taxa. Labels for sample score: A see Fig. 2 , B lakes are labeled according to their Macrotypes, the numbers are the year of sampling. The environmental variables fitted were selected from a larger set by statistical analysis (see text). Labels of environmental vectors are as in Table II .  of mesotrophic-eutrophic conditions according to the OECD (Organisation for Economic Co-operation and Development) classification scheme (Vollenweider and Kerekes, 1982) . The nutrient concentrations were comparable with those observed in other Mediterranean freshwater reservoirs (Marchetto et al., 2009 ) and with productive lakes in general (Lepistö et al., 2004; Kane et al., 2009) .
The highest nutrient concentrations observed in I3 and I4 Macrotypes (respectively shallow and polymictic lakes) were expected for these lake typologies, since the shallow depths and small surface areas (Table II) generate nutrient enrichment from internal sources (water mixing and sediment resuspension) as well as from external inputs (nutrient runoff from agriculture). Despite the high nutrient concentrations in the water column, phytoplankton biomass descriptors (in particular chlorophyll a) were always near to oligotrophic conditions, with the exception of Cillarese Lake. This discrepancy between available nutrients and phytoplankton stocks is typical of Mediterranean reservoirs, since they experience rapid changes in water levels and frequent mixing of their water columns (Marchetto et al., 2009) . Consequently, they are characterized by high turbidity in the water column and shallow euphotic zones. This condition is natural in shallow lakes characterized, generally, by regime shifts from a clear waters state dominated by macrophytes to a turbid water state dominated by phytoplankton (Scheffer and van Nes, 2007) . The study sites during the study period may be probably associated to a turbid state. In this state, earlier studies (Watson et al., 1997; Naselli-Flores, 2013 ) also demonstrated that light availability, rather than nutrient concentration, may be the factor limiting planktonic primary production. Accordingly, the low values of phytoplankton biomass in all water bodies (comparable to those of reference conditions, Fig. 2A ) allowed the classification of all six reservoirs to be good, despite the high nutrient concentrations.
The coherence of the PBI and the TCI classifications differs in respect to the different Macrotypes (Fig. 3) . There is complete agreement for the I1 Macrotype, since MedPTI was set up specifically for Mediterranean lakes (Marchetto et al., 2009) , but the assessments for the I3 and I4 Macrotypes differ substantially. The reason is that the PTIot index, calibrated for alpine lakes, is probably not appropriate for Mediterranean reservoirs. In fact, in the deep alpine lakes (where light penetration is not a limiting factor) or in general in lakes not affected by regime shifts, there is a direct correlation between the nutrient concentration and phytoplankton biomass. Consequently, there are contributions to the PTIot index from taxa with trophic scores associated with the levels of nutrient concentration in the water column. In Mediterranean reservoirs, where light penetration is a limiting factor, there are major occurrences of taxa with trophic scores associated with the highest concentrations of nutrients, placing those water bodies in quality classes ranging from bad to moderate.
On the basis of calculated EQR_ICF values, all six lakes in our study can be classified as having good ecological status. These EQR_ICF results were determined mainly from the contribution of the PBI index rather than that of the TCI (Table IV, Fig. 3) . Our results support the hypothesis that the lakes are in turbid state dominated by phytoplankton where the best competitor species fail because low light conditions. The resulting low sensitivity of TCI is a significant problem since several assessment systems, developed for WFD monitoring programs, are expected to monitor changes both within a single lake as well as among lakes. Our results support the need, already showed for other European Member States (Nõges et al., 2010) , to define ecological quality status based on a different concept of reference conditions for shallow lakes affected by regime shifts with high sediment turbidity (Dokulil and Teubner, 2003) .
Taxonomic composition and MFGs
High taxonomic richness, with an elevated number of less abundant taxa, characterizes the phytoplankton assemblages in all six lakes. This emphasizes the presence of a significant pool of species, defined here as "the number of species available to colonize a particular habitat" (sensu, Cornell and Harrison, 2014) . The CCA analysis, based on annual average biovolumes of dominant taxa and on environmental variables, highlights that organic and nutrient gradients and light availability explained 50% of the phytoplankton taxa distribution differences observed in the artificial lakes. Apart from difficulties in generalizing the results, caused by the small number of lake typologies, the analysis allows us to recognize the unique characteristics in the phytoplankton composition of each lake. The analysis emphasizes the presence of an "environmental filter" that selects a given lake's dominant community from a regional species pool (Zobel, 1997; Cornell and Harrison, 2014) . Accordingly, in Cillarese Lake (I4-Macrotype) the phytoplankton community was characterized by the presence of small Bacillariophyceae and small colonies of cyanobacteria and Chlorophyceae, all of them groups with a reproductive r-strategy. Celone Lake (I3-Macrotype) was characterized by the presence of stress-tolerant species, such as euglenoids, large dinoflagellates and long filamentous Bacillariophyceae and cyanobacteria. In that lake, the high turbidity in the water column and the shallow euphotic zone support the hypothesis that light penetration is a limiting factor. Serra del Corvo Lake was also included in the I3-Macrotype, but its community was different from that of Celone, with a dominance of small species. Lakes Occhitto and Capacciotti (I1-Macrotypes) showed communities typical of monomictic Mediterranean lakes, with a shift from species typical of a vertical mixing phase (Cyclotella spp.) to species typical of thermal stratification (Closterium, Planktothrix, Anabaena and Aphamizomenon).
In Locone Lake (I1-Macrotype), the phytoplankton community was characterized through the entire study period by dominance of Cyclotella spp. In this case, the high withdrawals for drinking water could be the constant environmental pressure preventing phytoplankton community species succession to that typical of stratification. All these results support Bleckner's argument (Bleckner, 2005) about the differences and changes of phytoplankton communities that result from "internal lake filters" and from external "landscape filters". An "internal lake filter" is constituted by a lake's abiotic and biotic interactions and its history, whereas a "landscape filter" is a combination of the features of geographical position, catchment characteristics and basin morphology on which lake typology classification is based. Consequently, as is the case for alpine lakes (Gallina et al., 2013) , future studies of artificial Mediterranean lakes are needed to improve our understanding of the internal filters operating to establish the states and behaviors of their phytoplankton communities (Gerten and Adrian, 2001; George et al., 2004) .
Since in Mediterranean ecosystems phytoplankton communities are not strongly and predictably structured (e.g. there are frequent disturbances and high numbers of species, many with low abundance, Cornell and Harrison, 2014) , there is an high probability they are characterized by significant differences in taxonomic composition, even among lakes with the same typology.
Consequently, the results of water quality assessments based on taxonomic features of phytoplankton communities are not entirely predictable. Since different species may have similar functional characteristics, the internal filters may produce different taxonomic structures of phytoplankton assemblages. Analysis at the morpho-functional level could be an effective and alternative way to assess the ecology of lakes and to identify common patterns of variation among lake typologies. Our study highlights that, despite differences in phytoplankton community structure, most of the MFGs identified were in common among all the lakes. In particular, small centric Bacillariophyceae (7a) and small mixotrophic flagellates (2a) were most commonly dominant. Small-celled and fast-growing species are tolerant of water mixing and low light levels; as a consequence they have competitive advantages in conditions typical of Mediterranean lakes. In Cillarese and Locone lakes the phytoplankton communities were characterized by species with these morpho-functional features. Cillarese Lake is polymictic (I4-Macrotype), characterized by water column instability, whereas Locone Lake is a stressed ecosystem due to high water supply withdrawals. Accordingly the latter, even though it is included in the I1 Macrotype, has hydrodynamics quite similar to those of polymictic lakes. In this study, environmental variables did not explain the observed pattern of distribution in MFGs very well, even though resemblances in the sizes and shapes of cells were noticeable.
In Capacciotti and Occhitto lakes (I1-Macrotypes), the presence of large species of Conjugatophyceae and cyanobacteria, shows that a driver for the succession of phytoplankton communities could be thermal stratification, highlighting the greater water stability associated with depths greater than those of the other lakes. Large species and filamentous cyanobacteria with gas vesicles have the ability, unlike other eukaryotic algae, to overcome the environmental constraints imposed by the increasing water stability. This is true also for Serra del Corvo Lake (I3-Macrotype), even though the contribution of large Conjugatophyceae was lower. Finally, the presence of diverse MFGs, including in large and small, potentially mixotrophic flagellates, large Bacillariophyceae, filamentous cyanobacteria and large Conjugatophyceae, in Celone Lake could be due to the high turbidity of its water column. This is produced by continuous resuspension of sediment that acts as a strong environmental filter, selecting taxa adapted for obtaining limiting resources, particularly light, such as migratory mobility or floatation (Reynolds, 2006) . Finally, the approach used here could be applied to other freshwater ecosystems of temperate areas with similar water bodies. Phytoplankton community indices are new tools for monitoring lake environmental quality in different areas of the world. Reservoirs are characterized by high inter-ecosystem taxonomic variability, so indices represent a way of synthesizing to compare different communities. The methodologies used here are simple and can readily be applied to other reservoirs. Our methods are suitable for responding to changes in trophic gradients Marchetto et al., 2013) , and many studies carried out in temperate reservoirs around the world (Filstrup et al., 2016) demonstrate that nutrient concentration and light gradients are the best predictors of phytoplankton community structure. Consequently, our methods could be useful for comparing phytoplankton communities and water quality status both within and outside Europe. Moreover, these methods can be used to evaluate long-term dynamics of phytoplankton community structure in relation to changing anthropogenic stressors, such as nutrient additions. This study also demonstrates the importance of finding better links between taxonomic and functional properties of phytoplankton communities. Moreover, the study highlights the need to simplify the phytoplankton lists used for water quality assessment to groups that best reflect the changes in water quality status and, most useful, of losses in beneficial ecosystem goods and services (Kane et al., 2009) . Examples of those are increases of "undesirable algae", "restrictions on water consumption" and "degradation of phytoplankton communities." The approach has been applied in temperate lakes of the USA, but never in Europe (Kane et al., 2009) .
C O N C L U S I O N S
Our results are a first attempt to analyze phytoplankton composition and bulk properties (chlorophyll a concentration, total phytoplankton biovolume) relating to the trophic status of artificial lakes of the Apulia Region, and to relate them to a WFD classification scheme. The 3-year water quality assessment reveals that all water bodies reached good ecological status, being influenced most strongly for I3 and I4 Macrotypes, by phytoplankton biomass, rather than trophic characteristics of phytoplankton species assemblages. The phytoplankton taxonomic composition was characterized by high species richness, by the presence of a few dominant taxa and by a significant partial explanation of inter-ecosystems taxonomic variability by readily measured environmental variables. Morpho-functional traits are more fully shared among water body typologies than are taxonomic traits, supporting substantial homogeneity of water quality among reservoirs. However, this topic requires further study in the Mediterranean Ecoregion. Accurate interpretation of the dominant survival strategies in phytoplankton assemblages could be a powerful tool to clarify ecosystem function and to improve water quality assessments in freshwater ecosystems. 
S U P P L E M E N T A R Y D A T A

A C K N O W L E D G E M E N T S
We thank all technical staff and especially Dr Mariangela Spinelli, Dr Michela Ingaramo and Dr Tiziana Di Festa for their logistic support in the field and laboratory. We are grateful to Dr Luca Paolo Caruso for support in database organization and the two anonymous reviewers for helpful comments to the manuscript.
